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A gas chromatographic apparatus, based on the principle of ad-
sorbing a gas mixture on activated charcoal in the column and

developing it in a carbon-dioxide stream, is described in de-

tail with schematic diagram and discussion of physical bases.

Tabulated data for various gas mixtures (Hs, Nz, CHg, etc.)

are given to show that efficiency of separation increases with

column length. The time interval of separation of hydrogen
and nitrogen was 30 sec in columms of 3.5 - 4 m length; nitro-
gen and carbon monoxide separated best in columns of 9 m

length. U-shaped columms were easier to use but required more

active carbon than spiral columms, Optimum flow rates of the

carrier gas are calculated for maximum separation in minimum

time, W \

Recently many plants and research laboratories have been successfully using
chromatographic analyses of mixtures containing Ha, Np, CO, CH, and other gases.
It is known from literature sources (Bibl.l - 3) that the efficiency of
chromatographic analysis depends on the length and type of the adsorption layer

(length of th ¢ columm), on the nature and size of the adsorbent

grains, on the temperature and velocity of the carrier, on the volume of the gas

sample, and on other analytical conditions.

3* Numbers in the margin indicate pagination in the original foreign text.
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To elicit the effect of various factors on the efficiency of chromato-
graphic analysis of a mixture of H,, N», CO, CH,, and other components developed
by carbon dioxide, we carried out a number of corresponding investigations. The
experiments were made with the apparatus shown in Fig.l. We used the following
method: acidic gases (COz, S0», HaS, and others), unsaturated hydrocarbons, and
oxygen were determined in accordance with the All-Union State Standard, just as
on the VTI apparatus. Hydrogen, nitrogen, carbon monoxide, and methane were de-
termined by chromatographic analysis in the following manner: During the ab-
sorption analysis the chromatographic part of the apparatus was filled with car-
bon dioxide and checked for airtightness; the carbon dioxide flow rate, used in
the analysis, was then established.

At the end of the absorption analysis (after determining the oxygen), a
sample was selected for chromatographic analysis. Before sampling, the stop-
cocks on the absorption vessels 1-4 are set to connect the buret 5 with the cali-
brated stopcock 6, and the equalizing flask 7 is set in the upper ring 8. A
meniscus of alkali is established at the top 9 of the measuring part of the /2018
buret. During sampling, the supply of carbon dioxide to the chromatographic
column is stopped by discharging it into the atmosphere through the stopcock 10.
To prevent the alkali from being sucked into the chromatographic columm, the
stopcock 11 is set in a neutral position so that, when turning it, the column
does not communicate with the atmosphere. Then, the stopcock 6 is turned to com-
municate with the atmosphere and about 20 ml of gas, left in the buret 5 after
the absorpltion analysis, is allowsd tc pass through it. After this, the stop-
cock 6 is again turned to communicate with the chromatographic column. In this
manner, the coil of the stopcock 6 is filled with the test gas, i.e., a gas

sample is taken for chromatographic analysis. After sampling, the stopcock 11
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is turned to connect the chromatographic column with the buret 9 and, by a cor-
responding turn of the stopcock 10, the flow of carbon dioxide is again directed
into the chromatographic columm. When gas bubbles appear in the buret 9, a

stopwatch is started and this instant is considered the start of analysis.
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Fig.1 Schematic Diagram of Chromatograph
1-4) Absorption vessel; 5) Buret for measuring gas volume; 6) Four-way
stopcock for intake of sample; 7) Equalizing flask to buret 5; 8) Metal
rings with groove and rubber gasket for equalizing flask; 9) Measuring-
absorption buret; 10, 11, 24, 27-32) Crescent-shaped three-way stop-
cock; 12) Wooden frame for attaching parts of instrument and for use as
casing when transporting and storing the instrument; 13) Metal supports
for installing absorption vessels; 1,) Metal support for installing
buret; 15) Glass cylinder for equalizing and stabilizing the tempera-
ture of the buret; 16) Stopper for closing the free capillaries of the
stopcock branches; 17) Forked T-piece with two direct stopcocks to
buret 5; 18, 19) Calcium chloride tubes; 20) Absorption colum, 4.5 mm
long and 4.5 - 5 mm in diameter; 21) Flow meter; 22) Equalizing flask
to measuring-absorption buret; 23) Isolating branched tube connected
with hydraulic gate or with rubber bag; 25) Safety pipe with spherical
e sion; 26) Strip for attaching stopcocks; 23, 2) Rubber tubes; 35,
36) Recesses for attaching buret and flow meter.

The principle of the analysis consists in feeding the gas mixture to the
chromatographic column with activated charcoal and developing it by a stream of

carbon dioxide.



As a result of continuous adsorption and desorption, the components of the
gas mixture are separated on passing through the column, so that between the
separation of individual components there are time intervals in which only the
developer is separated.

The gas stream from the chromatographic column (during analysis) enters the
measuring-absorption buret 9 which contains a solution of alkali. Here, /2019
the carbon dioxide is absorbed and the components being determined are collected
in turn in the buret 9 where their volumes are measured. During the analysis,
we recorded the level of the alkali in the buret 9 and the time corresponding to
it at the start of the analysis and at the end of separation of each component.
Furthermore, to calculate the time interval between separation of the components,
we recorded the time of the start of separation of each component in certain
analyses. After completing the analysis, the next analysis can begin immedi-
ately. Between analyses the chromatograph is continuously blown with carbon di-
oxide, which is discharged into the atmosphere through the stopcock 11,

The percentage of the components was calculated by the following formula:

(ve — v — K (te—15)

2= - - C,

where v, , v, are the gas volumes in the measuring-absorption buret corresponding
to the end and start of separation of the component under consideration, reduced
to atmospheric pressure (m¢); K is the "blank"* (ms/min); C is the residue of
the gas sample after absorption analysis (%); W is the volume of the gas sample
taken for chromatographic analysis (m#) calenlated by the formula

W=V, —Vy—t,, K,

total’

¥ "Blank" ~ the magnitude characterizing the quantity of admixtures separated
from carbon dioxide per minute in one milliliter.

L



where V,, Vo are the gas volumes at the end and start of analysis reduced to at~
mospheric pressure (m’); tio+ is the duration of chromatographic analysis equal
to the end of separation of the last component (min)., In conducting the analy-
sis, it is necessary to take into account the following:

1) The start of the analysis is taken as the start of separation of hydro-
gen, in the calculation. The time and reading of the buret at the end of sepa-
ration of the preceding component, corresponding to this time, is taken as the
start of separation of subsequent components.

2) In the calculation, for the end of separation of a component we can take
the readings of the buret and the corresponding time not strictly at the end of
separation of the component, but at any subsequent instant before the start of
separation of the next component (to simplify the calculation, it is convenient
to take whole minutes), i.e., as long as the change in level in the buret 9 cor—
responds to the "blank'".

To avoid errors in determining the end of separation of the components, two
to three readings of the buret are taken every 10 - 20 sec at this time. For
all practical purposes there will be no change in level in the buret within 10 -
20 sec, since the "blank" has an order of change in level of 0.0l m!/min.

3) The buret readings substituted into the calculation formula should be
reduced to atmospheric pressure.

L) The connecting tubes in the chromatographic part of the apparatus should
be capillary tubes. Wide connecting tubes cannot be used since the accuracy of
analysis is reduced, owing tc diffusion mixing.

5) The efficiency of the analysis is affected by the resistance of the
columns, connecting tubes, and stopcocks. This resistance in all analyses should

be the same, since the duration of analysis changes with a change of resistance.
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The constancy of resistance is controlled in the following manner: upon switch~
ing the gas stream, by means of the stopcock 10, from the atmosphere to the
chromatographic column, the reading of the flow meter (resistance) should change
by a similar value (by not more than 20 mm H.0).

In working out the method of chromatographic analysis of a mixture of /2020
Hz, N2, CO, CH,, we made a preliminary series of investigations on a spiral
column of length 4 = 1.5 m and diameter d = 8 mm, filled alternately with dif-
ferent grades of activated carbon (AG-2, AG-3, SKT, KAD) of different grain
size, which were subjected to various heat treatments., Since good results were
obtained when working with activated carbon AG-2, roasted for 15 min at a temp-
erature of about 600°, with a grain size of 0.5 - 1 mm, most investigations de-
voted to a study of the effect of different factors on chromatographic analysis
were performed on columns filled with this type of activated carbon.

In our investigations we studied the effect of: 1) length and shape of
colunmn, 2) flow rate of developer, 3) volume of sample.

Effect of length and shape of column on chromatographic analysis of Hp, No,

CO, and CH,, It is known from the literature (Bibl.)) that, with the same quan-

tity of adsorbent, the separation of components improves with an increase in the
length of the layer. Therefore when perfecting the method to improve the sepa-
ration of Hy and N» in the mixture of Hp, N; and CH4, the analyses were carried
out with approximately the same quantity of carbon (about 25 gm) in U-shaped
colums (4 = 1 m, d = 10 mn) and in spiral colums (4 = 1.5m, d = 8 mm; * =
=2my, d=7mm; L =3.5m & - 5.5mm; 2 =A4.5m d=~L4.5 m).

Most analyses were made on mixtures of high hydrogen concentration.

In performing mass analyses by using the first variants of the method

(Bibl.5 ~ 8) it was found that N, and CH, are satisfactorily separated no matter



what their concentration in the gas mixture, whereas hydrogen and nitrogen in
certain analyses at high hydrogen concentrations either do not separate at all
or, if they do separate, the time intervals between the separation of components
are extremely short, which interferes with the buret readings at the end of hy-
drogen separation. In our experiments, we attempted to define the optimum con-
ditions for satisfactory separation of nitrogen and hydrogen at high concentra-
tion.

The results of the analyses (average of 3 - 4 analyses) in colums of vari-
ous length, for a sample volume of about 4 mf at a carbon dioxide delivery rate
of about 20 mt, are shown in Table 1.

In each analysis we determined: the time interval between separation of
two adjacent components h (time between the end of separation of the preceding
component t,, and the start of separation of the subsequent component t, ), width
of the bands At = u (duration of discharge of the components from the chromato-
graphic column), total duration of analysis ti.:, and percentage of components.

It is apparent from the data of Table 1 that separation in columms of dif-
ferent lengths, at the same quantity of adsorbent, is different even for gas
mixtures close in percentage composition.

Efficiency of separation increases with an increase in column length: With
columns of 1 m, 1.5 m, and 2 m in length, the time intervals between separation
of hydrogen and nitrogen (at their high percentage content) are amall or absent
altogether. An analysis with a 4-m{ sample cannot be performed on these columns
since it is difficult to note the end of hydrogen separation. Goed results were
obtained with colums of 3.5 and 4.5 m length, The time intervals between sepa-
ration of hydrogen and nitrogen in these columnswere more than 30 sec.

Our studies involved hundreds of analyses of gas mixtures of Hp, Nz, and
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CH, with different concentrations, using columns of about 4 m length and 4.5 -

5 mm diameter.

The discrepancies in these analyses did not exceed 0,2 absf%.

We were able to work with the same adsorbent for several months, without

regeneration.

TABLE 1

/2021

RESULTS OF INVESTIGATING THE CHROMATOGRAPHIC SEPARATION OF
GAS MIXTURES OF Hp, N, AND CH, IN COLUMNS OF DIFFERENT
LENGTH, WITH THE SAME QUANTITY OF ADSORBENT

. Column
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'Couponen t

t
total
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p
7o
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Grin 20sec
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8rin §0sec

Jmin
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3min H0sec
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4min 20sec
2nin 4(0sec
2rin Wsec

4min 40sec
2Zmin Wsec
Imin 20sec

Grin

Imin

2min
3min J0sec

2min 30 sec
3min W sec

5min 10 sec
2 rinJ0sec
3ain 20 sec

Did not
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8 rin

Onin {0sec
Imin 20 sec

Omin 20sec

4 min
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4min
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Using spiral columms from 4.5 to 15 m in length with a diameter of 4.5 mm,

containing different quantities of activated carbon AG-2 (depending on the

colurn length), we studied the possibility of chromatographic analysis of mix-

tures containing arbitrary concentrations of carbon. monoxide.

It was established

prior to this that carbon monoxide and nitrogen (when present in a gas in high
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concentrations) did not separate in columns up to 4.5 m in length.

Table 2 shows several chromatographic analyses of mixtures with high con-
centrations of carbon monoxide in colums of 4.5, 9, 12, and 15.5 m length, The
results of these analyses demonstrated that nitrogen and carbon monoxide sepa-
rate sufficiently well on & column 9 m long. Mass analyses in a 9~-m long column
showed that the duration of the analysis, at a carbon dioxide delivery rate of
about 20 m/min, was 30 to 4O min.

We then made analyses with U-shaped columns, about 1 m in length. At this
length, the U-columns are convenient to install in the apparatus; in addition,
they are easier to fabricate and to fill with adsorbent than spiral columns. A
comparison of the analyses in U-shaped and spiral columns showed that 22 - 25 gm
activated carbon AG-2 is sufficient for a spiral column with 4 = L.5mand d =
= L 5 = 5 mmn whereas a U-shaped colunm of 1 m length, to separate the components
(Hz, No, CH4) just as effectively as a spiral column, must have a diameter of
about 12 mm and be filled with 30 - 35 gm of activated carbon AG-2.

Effect of carbop dioxide rate of feed. To define the effect of the rate of

carbon dioxide feed on the chromatographic separation of the components, we /2022
performed parallel analyses in spiral columns of 4.5 and 9 m length, at dif-
ferent carbon dioxide feed rates, from 10 to 40O m{/min.

Table 3 gives data on the desorption of pure components at CO; flow rates
of 15, 20, and 30 m{/min., The experimental results demonstrated that, in these
columns, it is more convenient to work with a rate of 20 md/min. If it is de-
sirable to reduce the analysis time, the separation of hydrcgen and nitrogen
must be performed at a carbon dioxide flow rate of 15 -« 20 m{/min; after separa-
tion of the nitrogen, the flow rate of carbon dioxide can be increased to about

60 m!/min. We arrived at this conclusion, based on the following consideration:
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At carbon dioxide flow rates of more than 30 m{/min, nitrogen and carbon mon-
oxide are not separated at all in certain mixtures in columns of 4.5 and 9 m
length, while high concentrations of nitrogen and hydrogen are difficultly sepa-

rated in colums of 4.5 m length., A decrease in the flow rate of carbon dioxide

TABLE 2

EXPERIMENTAL RESULTS OF THE CHROMATOGRAPHIC SEPARATION
OF GAS MIXTURES OF H,, N, CO, CH, IN COLUMNS OF

DIFFERENT LENGTH WITH A

DIAMETER OF 4.5 mm

=&
g : Til! I~ -
34 @ . Flow Rate of | 5%
5| 8 @2 Siw
_:. UQ '. ‘. At h t!o(dl (ll/lln, 56\
—a s - -
n, Inin30sec| AminSDsec] 2mind0sec . — - 21.0
Afh N, 4min30sec] Omin20sec Amin50sec Onin4Osec 15,0
" 'E” Anin40sec H0.7
Gy 14nmin 16xin Inin 18 ain 20 in 2.3
i1, 2riniliseq Gain Inini0sec . —_ — 27.0
90[ N, Gmini0sec| 120in30sec| Imin20sec 8”.“;8“5 — —_ 15.0
: CO | 12rin50sec| 16min Ininl0sec ;1"' sec — — 55.7
Clly| 27xin 32ain Smin(0sec mn 32nin 20 23
M, | 2nin4Osec| Bmind0sec| BninS0sec| , . I 21.0
90[ N> | 10min | l4nmin 4 min g"."zgs“ - after 14 min | {50
’ i CO |t4nindlsec| 1min3kec| 1nind0sec 3-%"305“ — zgcreasgd to 1557
Ll Cly| 22min | 24min | 2uin mind0sec) o A0 wl/min Ty
N, 14 xin 182inH0see| 4mind0sec . — —_ 315
12001 GO [19nintisee 2hmin | 4minS0scc| Oin20sec — 245
L] Cllgl S6min 48minH0sec| Tmind0seq min 48nin50sec| 20 44.0
{ | Hy — - — — - — —
15.5 [ Ny | 19min 23 min 4 min {ni - — 315
9981 €O | 2imin 32min Suin in - - 24.5
Clf,| 4Hmin 55min 10 nin mun 55min 20 44,0

promotes separation of the components, but leads to an increase in the analysis
time and to such blurring of the bandwidth of the low-concentration components

difficult to note the start and end of their

in the gas mixture that it becomes
separation or even the very separation of the components.
Based on experiments as to the effect of colunn length and flow rate of

carbon dioxide on the efficiency of the analysis, we worked out two variants of
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chromatographic analysis of gas mixtures with high concentrations of carbon

monoxide, at an analysis time of about 20 min.

1. Method of analyzing H,, N», CO and CH, with a change in the carbon di-

oxide flow rate. The analysis was carried out in a columin of 9 m length, in the

following manner: Before the end of separation of Nz, the components were de-

TARLE 3 /2023

RESULTS OF DESORPTION OF PURE COMPONENTS AT DIFFERENT CARBON
DIOXIDE FLOW RATE IN COLUMNS OF 9 AND 4.5 m LENGTH

—— e -
Separation of Components Volume of Colusn

C t Component| Flow R.q'; Length
omponen Start End Duration (ml/min) (nl/min) fn)

H, 3 rin {Qsec 8min 30 sec bain 20 sec 1.5 1

N, Onin 20sec 13min 40sec 4nin 20 sec 1.4 l) 15 9

CO t4nin 19 ain S min 1.6 i

CH, A9min 49 min 10min 2.3 )

H, 2nin 40sec 6 min 10 sec 4rin 30sec 1.5 3

N, Trin 40sec {0 =in 2nin 20 sec 1.5 20 9

CO fimin 50sec 15 aind0sec | 4 min 1.5

CH, 26min 2(sec 32nin 30sec 6 min 30 sec 2.5

H, 2rin 30 sec 5 min 2min J0sec 11 ]

Ng Gmin 10 sec 8min 3(sec 2min 20sec 1.6 | 30 9

CO Grin 30 sec 10nin 3min 30sec 1.7 !

CH, 17min 40 sec 22nin 40 sec Smin 2.5 ]

H, {min 30 sec 4min 40sec 3nmin 10 sec 2.0 )

N, Imin 10min 40sec Smin 40 sec 2.2 g 15

(00 Gmin 12&in 30 sec Gmin 0sec 2.3 4.5

CH, 17nin 23min 6 min 25 ||

H {»in 10 4 min 2min M sec 2.0 )

N: hmin *ee Trin 10sec 3 min 10 sec 2.3 20 4.5

CO Snin Ymin {0sec 4 xin10sec 2.1

CH, {2 rin 1Gmin 30sec 4min Y)sec 2.5 )

" Omin 50 sec dmin 30sec 2min 40sec 2.0 ]

N: 2min 4() sec Nmin 20sec 2min 40sec 2.3 | 30 4.5

CO 3nin H5)sec Gmin Msec Imin - 2.5 ?

CH‘ 82in J0see 12 min 40 sec 4min 10sec 2.5 ‘

veloped at 2 carbon dioxide flow rate of 20 - 30 mi/min, after which the flow
rate of carbon dioxide was increased to above 40 ml/min. When calculating the
concentrations it is necessary to take into account the change of the "blank".

At a CO content of more than 30%, the flow rate of carbon dioxide at the start
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of analysis is best taken as 15 - 20 m{/min, in order to have a sufficient time
interval between the separation of nitrogen and carbon monoxide. Mixtures with
a CO content less than 15% can be analyzed at a rate of about 40 m{/min during
the entire analysis.

2. Analvsis with switc f co . For an analysis with switching of
colums in the chromatograph (Fig.l) it is necessary to install, between the
stopcocks 6 and 11, two instead of one series-connected columns of 4.5 m length
each, with two additional stopcocks (37 and 38). The unit for connecting the

colums is shown in Fig.2.

Fig.2 Schematic Diagram of Unit
(see Fig.1l)

Before performing the main analysis, a preliminary analysis is carried out
in one column (the first, with respect to the flow of carbon dioxide) to deter-
mine the time interval between the end of CO separation and the start of CH,
separation. The time interval between separation of CC and CH; will vary slight-
ly, depending on the composition of the gas mixture being analyzed. In making
mass analyses of mixtures with similar component concentrations, it suffices/2024

to determine the time of switching the colums (making the preliminary analysis),
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once for a series of analyses.

The main analysis, with determination of high concentrations of CO, is per-
formed in two series-connected columns in the following manner:

At the start of analysis, the carbon dioxide stream fed to the first columm
along the flow path of this gas, passes through both columms. Approximately at

the middle of the time interval between the end of CO separation and the start

TABLE 4

RESULTS OF CHROMATOGRAPHIC ANALYSES IN TWO U-SHAPED
COLUMNS OF MIXTURES RICH IN CO
Composition of Mixture (%): Ha, 25 - L5; Np, 10 - 20;
CO, [4.0 - 56; CH4’ 005 - 605

b

v -
5 3 s Time Interval between
< 13 _§ T e Component Separation | o
s by S °-g (min) c o
S~ - o S &~ S
POR B & 2= = e Remarks
i N 7 S o har i
3 v v - » < (5] 7 2
S sl FlY |28 L | oA
S |2 & | & T z o
20 3.5 0.5 10 37 40 —
20 12=3| 1.6 ] 2225120201 w;sn sui tching of columns

. 2 20 =25 | After separation of N,,
03 the feed rate for CO?7 was
incresad to 35 - 4" ml/min

212 AG-2| 62

o e e e e e
l
3]
w

of CH, separation, which is determined in the preliminary analysis, the feed of
carbon dioxide to the first column is stopped by closing off this column by
turning the stopcocks 37 and 38. When the first column is cut off, methane re-
mains in this column while hydrogen, nitrogen, and carbon monoxide fill the
second column and are developed there. After separation of CO, the stopcocks 37
and 38 are turned to cut off the flow of carbon dioxide to the second column and
to feed to the first column, for developing the methane,

For illustration, Table L gives the results of analyses performed with the

method variants described above (data from 5 - 7 analyses).
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Effect of sample volume. The accuracy of chromatographic analysis in-
creases with an increase in the sample volume, because of the greater accuracy
of detection., This is apparent from the following example: In our buret with

scale divisions of 0.0" mf{, the percent of absolute error will be calculated by
AP \

the farm-7- W '
v

v =

where v is the volume of the sample,
The absolute error (at a 0.0l m! error in measuring the volume) calculated
by this formula is shown below.

Volume of Sample (MJ) e o o o o los L’. 10 50
Absolute error () + « ¢« o o « 0.7 0,25 0,10 0,02

At the same time, it should be noted that the efficiency of separating
components in the chromatographic column may deteriorate with an increase in
sample volume, This circumstance limits the possibility of increasing the
sample volume.

To define the effect of the sample volume on the efficiency of separating
Hz, N2, CO, CHy, we determined the starting and end times of discharge of /2025
these components from the chromatographic column, with carbon dioxide develop-
ment of different volumes of pure components and mixtures of these components
having different percentage compositions. Results of these investigations
showed that the total duration of analysis of a mixture of H,, N», CO, CH,
changes little with an increase in sample volume. However, the width i of the
bands of individual components increases with an increase in sample volume and,
correspondingly, the time intervals between the separation of adjacent compon-
ents h decrease; with a further increase in sample volume, the bands of the com-

ponents are superposed and the components are not separated.
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If, for two components that are adjacent with respect to separation, we
plot on a graph the curve of t. versus the volume for the component which sepa-
rates first and the curve t, versus the volume for a component which separates

next from the mixture (Fig.3), then the point of intersection of these curves

A '

§F

4t

2F

0

A L
10+ i

18 I

ot -

i L 3 n__l_B lllllLLlllllll_B
2 4 ¥ ) 12

Fig.3 Volume of Components Separated from the Mixture
as a Function of Time

Time (min); B - Volume of components (m!).

Column 4.5 m long: 1) t, - Ha; 2) t, - Na.

- Colum 9 m long: 1) t, - Np; 2) t, = CO.

Colum 4.5 m long: 1) t. - CHg; 2) t. - No

0O U PR
[ |

will give the volume of these components in the sample, at which their separa-
tion is possible. The total volume is equal to the doubled value of the abscis-
sa, The segments between the curves t, and t, to the left of their point of
intersection represent the time (between separation of components) during which
the pure gas carrier is separated at the volume indicated on the abseissa., For
example, at a total volume of H and N» equal to 2.8 m!, the time interval be-
tween the end of separation of Hp and the start of separation of N; will be

equal to about 30 sec.
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These graphs (Fig.3) are convenient for selecting the optimum conditions
for making a chromatographic analysis of mixtures of Hz, Nz, CO, and CH, of dif-
ferent percentage composition, using this apparatus. It follows from the graphs
that the content of hydrogen and nitrogen in the sample, when analyzed in a
column of 4.5 m length, should not exceed 4 m!. Consequently, at higher con-
centrations of hydrogen and nitrogen in the analyzed mixture, no more than a
L4-m! sample should be taken. At high concentrations of methane, the sample can
be increased to 20 mf. In the case of analyzing mixtures with high CO concen-
trations, the analysis must be performed in a colum of 9 m length, and the

sample should not contain CO and N, in a total of more than 3.6 mf.
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